Suppression of ES cell differentiation by retinol (vitamin A) via the overexpression of Nanog.
Embryonic stem cells (ESCs) derived from the inner cell mass of blastocysts maintain their pluripotency through a complex interplay of different signaling pathways and transcription factors including Leukemia Inhibitory Factor (LIF), homeo-domain protein Nanog and POU-domain-containing transcription factor Oct3/4. LIF can maintain the self-renewal of mouse ESCs by activating the Jak/Stat3 pathway; however, it is dispensable for human ESCs. Nanog, a homeo-domain transcription factor alone is sufficient for sustaining the self-renewal of ESCs. Overexpression of Nanog by heterologous promoters can maintain self-renewal of human and mouse ESCs in the absence of LIF/Stat3 pathway. The mechanisms that control the expression of Nanog, however, remain poorly understood. In this report we demonstrate that retinol, the alcohol form of Vitamin A, can suppress the differentiation of ESCs by up-regulating the expression of Nanog. Retinol is mainly associated with differentiation through its active metabolite retinoic acid during early development of the embryo. The activation of Nanog by retinol is not mediated via retinoic acid signaling and appears to be independent of previously described LIF/Stat3, bone morphogenic proteins, Wnt/beta-catenin, and Oct3/4-Sox2 pathways. These studies therefore, reveal a previously unknown function of retinol and offer a model system to define alternate regulatory pathways that control the self-renewal of ESCs as well as to identify upstream "master" regulatory factors that are responsible for maintaining the integrity of stem cells.